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a  b  s  t  r  a  c  t
Interoception  refers  to  the  perception  of  the  physiological  condition  of the  body,  including  hunger,  tem-
perature,  and  heart rate. There  is  a growing  appreciation  that interoception  is  integral  to higher-order
cognition.  Indeed,  existing  research  indicates  an  association  between  low  interoceptive  sensitivity  and
alexithymia  (a difﬁculty  identifying  one’s  own  emotion),  underscoring  the link  between  bodily  and  emo-
tional  awareness.  Despite  this  appreciation,  the developmental  trajectory  of  interoception  across  the
lifespan  remains  under-researched,  with  clear  gaps  in our  understanding.  This  qualitative  review  and
opinion  paper  provides  a brief overview  of interoception,  discussing  its  relevance  for developmental
psychopathology,  and  highlighting  measurement  issues,  before  surveying  the available  work  on intero-
ception  across  four  stages  of development:  infancy,  childhood,  adolescence  and  late  adulthood.  Where
gaps  in  the  literature  addressing  the  development  of  interoception  exist,  we draw  upon  the association
between  alexithymia  and  interoception,  using  alexithymia  as a possible  marker  of atypical  interocep-a
tion.  Evidence  indicates  that  interoceptive  ability  varies  across  development,  and  that  this  variance
correlates  with  established  age-related  changes  in  cognition  and with  risk  periods  for  the  development
of  psychopathology.  We  suggest  a theory  within  which  atypical  interoception  underlies  the  onset  of
psychopathology  and  risky  behaviour  in adolescence,  and  the  decreased  socio-emotional  competence
observed  in  late  adulthood.
©  2017  The  Authors.  Published  by  Elsevier  Ltd.  This  is  an  open  access  article  under  the  CC  BY license
(http://creativecommons.org/licenses/by/4.0/).
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l intensity (the tendency to experience more extreme
 with greater awareness and depth of experience; Füstös
13; Herbert et al., 2010; Pollatos et al., 2007a,b; Wiens
0). Indeed, the vast majority of current theories of emotion
hat both interoceptive signals and cognitive evaluation of
rnal and external environment contribute towards emo-
erience (Schachter and Singer, 1962; Critchley and Nagai,
rﬁnkel and Critchley, 2013; Gendron and Barrett, 2009;
3).
n learning and decision-making, most classic theories of
apportion a crucial role to signals of punishment and
e.g. within operant conditioning), making the accurate
n and recognition of these signals fundamental to learn-
Katkin and Wiens, 2001; Pollatos and Schandry, 2008;
t al., 2009). Equally fundamental are theories of value in
making − where the aim of decision-making is to select
n with the highest value. It is clear that value may  be
 by interoceptive state (the value of water is higher when
ed than when not), or be interoceptive in nature (as in the
primary reinforcers such as sex and food). Some theories
 more fundamental role to interoception, by suggesting
sion-making is guided by stored representations of the
nsequences of stimuli and responses. These stored repre-
s, provided they can be perceived, are a further source of
on when calculating the value of options (Damasio, 1994).
s of one’s theoretical standpoint, however, it is clear that
perception and recognition of interoceptive signals is nec-
 learning and decision-making.
wing body of evidence supports the relevance of inte-
 ability for risky decision-making. For example, Werner
09) found that scores on the heartbeat tracking task pre-
rformance on the Iowa Gambling Task, which relies on
y to learn which of four risky options are advantageous
h are disadvantageous. Data consistent with this ﬁnding
ained by Dunn et al. (2010), who used a modiﬁed ver-
e Iowa Gambling Task to demonstrate that when arousal
ured adaptive choices those with better interoception
ter choices, yet when arousal cues favoured maladaptive
dividuals with better interoception made worse choices
viduals with poor interoception. Finally, a study by Sokol-
t al. (2015) built upon previous work demonstrating that
l differences in physiological arousal are correlated with
l differences in loss aversion (the overweighting of losses
ect to equal gains) during risky decision-making. Sokol-
et al. (2015) predicted that the degree to which these
tive physiological signals of arousal can be perceived is
modulate the impact of arousal on loss aversion during
ision-making. Results conﬁrmed their prediction, demon-
hat individuals with increased interoceptive sensitivity
re loss averse, providing further evidence of an impact of
tive awareness on risky decision-making.
ies and evidence supporting the role of interoception
l cognition highlight the potential relevance of atypical
tion for psychopathology, with ‘atypical interoception’
ssing both atypically high or low interoceptive ability (see
lossary). While certain conditions have long been associ-
 atypically low interoceptive sensitivity (such as Feeding
g Disorders: Pollatos et al., 2008; Klabunde et al., 2013),
quences for other disorders are only just being realised
sa and Lapidus, 2016; Brewer et al., 2015b; Brewer et al.,
 For example, Quattrocki and Friston (2014) presented
istic neurobiological model within a predictive coding
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disork to explain how an interoceptive failure may  give rise
 Spectrum Disorder (henceforth ‘autism’). This model
lenged by Brewer et al. (2015a), who argued that alex-
hich frequently co-occurs with autism (Berthoz and Hill
1 The ‘p-f
dependenc
conduct  dience 23 (2017) 45–56
t autism itself, is characterised by a general interoceptive
nt. The predictions of these competing models have been
ested by comparing the performance of groups of autis-
pical individuals with varying degrees of alexithymia on
beat tracking task described above (Shah et al., 2016), and
equiring interoception of arousal (Gaigg et al., in press).
ase alexithymia, not autism, was found to be associated
r interoceptive sensitivity (Shah et al., 2016; Gaigg et al.,
 which was not accounted for by differences in the mag-
 interoceptive signals (Gaigg et al., in press). These data
he ﬁndings of earlier studies demonstrating poor cardiac
y in typical individuals with high levels of alexithymia
et al., 2011) and higher self-reported interoceptive con-
 alexithymic individuals (Brewer et al., 2016a; Longarzo
15). The characterisation of alexithymia as a generalised
nt of interoception is also supported by research associat-
terior insula (the brain area in which interoceptive signals
g the state of the body converge) with both interoceptive
s (see Iban˜ez et al., 2010), and alexithymia. Structural and
l atypicalities of the anterior insula have long been associ-
 developmental alexithymia (e.g., Silani et al., 2008; Kano
3; Reker et al., 2010; Bird et al., 2010a; Feldman-Hall et al.,
rsci et al., 2009; Ihme et al., 2013; Bernhardt et al., 2014;
Dobre et al., 2014), and a recent study also identiﬁed dam-
terior insula as a cause of alexithymia in individuals with
c brain injury (Hogeveen et al., 2016). Equally consistent
servation that an increased prevalence of alexithymia is
 in individuals with a number of physical (e.g., diabetes,
nd psychiatric (e.g., eating disorders and depression) con-
.g., Topsever et al., 2006; Pinna et al., 2011; Cochrane et al.,
nkalampi et al., 2000) where poor interoception is also
 (Pauli et al., 1991; Herbert and Pollatos, 2014; Pollatos
8; Pollatos et al., 2009).
ally high interoception has been argued to characterise
ic disorder and anxiety syndromes (Ehlers, 1993; Clark,
ulus, and Stein, 2006). Indeed, individuals with height-
s of anxiety (and panic disorder) report greater awareness
 sensations (see Domschke et al., 2010 for a review) and
her interoceptive sensitivity on heartbeat tracking mea-
n typical individuals (e.g., Eley et al., 2004; Ehlers and
992; Domschke et al., 2010). Whilst early theories sug-
ersensitivity was a result of increased attention to bodily
hlers, 1993), more recent proposals suggest that anxiety
s arise from discrepancies between the individual’s actual
cted bodily state (i.e. greater prediction error; Paulus and
6). Despite differing proposals regarding the process that
ersensitivity to interoceptive information in anxiety disor-
majority of theories suggest that oversensitivity, coupled
as to interpret bodily signals in a negative manner, con-
o both the cognitive (e.g., worry) and behavioural (e.g.,
e) symptoms associated with these syndromes (Ehlers,
ulus, and Stein, 2006).
eoretical and empirical work described above demon-
e clinical relevance of atypical interoception, and suggests
ithymia is a marker of atypical interoception. Although
vidence is required, the relationship between alexithymia
ical interoception may  hold important implications for
nding psychopathology. Despite the current classiﬁca-actor’ model (Caspi et al., 2014) includes 11 disorders/symptoms: alcohol
e, cannabis dependence, dependence on hard drugs, tobacco dependence,
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urosci
appears 
assumed 
2015). Th
psychopa
nalising f
both of th
posed tha
detailed d
interocep
For exam
individua
nia (Ardiz
in non-cli
sity to ut
et al., 201
ber of oth
2012; Na
tom disor
Lapidus, 
2014) is 
interocep
der (Paul
has been 
all of the 
by Caspi e
Substanc
et al., 20
ing factor
2000), An
der (Grab
Whilst a h
these ﬁnd
and poor
cal intero
commona
atypical 
difﬁcultie
empathy
impairme
pain, and
categorie
This m
impact o
the affec
A large b
emotion 
vocal (He
further st
tion expr
some ind
2013; He
2016) an
it is the 
in the in
interocep
functioni
tion for t
learning a
potential
of psychi
of interoc
tion and 
obsessive-c
symptoms.
s we
rsta
d wi
 on t
ience
t dev
ds o
why 
lopm
tero
esea
her
mple
 coul
 use
ithym
rpora
revie
iled 
e de
 bein
ms b
er-or
Inter
 is i
cy m
als. E
sal r
sked
 subj
arche
meth
ible t
on ta
e or 
. Inte
erenc
 impl
tal m
ty (e
hich
ort
er-or
espi
fanc
icit i
Fairh
infan
of m
yelin
ocep
dy o
 inter
 in dJ. Murphy et al. / Developmental Cognitive Ne
to underlie a number of conditions that are presently
to be isolated entities (Caspi et al., 2014; Laceulle et al.,
e p-factor subsumes the previous two-factor structure of
thology which incorporated an internalising and exter-
actor (e.g., Krueger et al., 1998) by demonstrating that
ese factors load onto a single factor. We  have recently pro-
t interoceptive ability constitutes the p-factor (for a more
iscussion see Brewer et al., 2016a,b), based on evidence of
tive difﬁculties in a broad range of psychiatric conditions.
ple, poor interoceptive sensitivity has been observed in
ls with depression (see Harshaw, 2015) and schizophre-
zi et al., 2016). Likewise, high obsessive compulsive traits
nical samples have been associated with reduced propen-
ilise internal bodily signals for gauging arousal (Lazarov
0). The contribution of atypical interoception to a num-
er disorders including addiction (see Verdejo-Garcia et al.,
qvi and Bechara, 2010), eating disorders, somatic symp-
ders and obsessive compulsive disorder (see Khalsa and
2016; Brewer et al., 2015b; Brewer et al., 2016a,b; Stern,
also well-recognised. In contrast, atypically heightened
tive sensitivity is associated with anxiety and panic disor-
us and Stein, 2006; Ehlers and Breuer, 1992). Alexithymia
found to co-occur with a number of disorders − including
disorders loading onto the externalising factor described
t al. (2014), such as alcohol (Rybakowski et al., 1988) and
e Abuse (Michael, 1990), and Conduct Disorder (Deborde
15), as well as conditions that load onto the internalis-
, such as Major Depressive Disorder (Honkalampi et al.,
xiety (Hendryx et al., 1991) Obsessive Compulsive Disor-
e et al., 2006) and Schizophrenia (Van’t Wout et al., 2007).
igh pattern of co-occurrence is not unique to alexithymia,
ings, together with the association between alexithymia
 interoception, are consistent with the idea that atypi-
ception may  be the ‘p-factor’ accounting for symptom
lities between psychiatric disorders. Under this model
interoception would contribute towards the emotional
s (such as emotion regulation, expression, recognition,
, and emotional lability), learning and decision-making
nts, and sensory symptoms (including affective touch,
 somatic symptoms) seen across a number of diagnostic
s.
odel is supported by several studies demonstrating the
f alexithymia on socio-cognitive ability, particularly in
tive domain, in both typical and atypical populations.
ody of research demonstrates that alexithymia impairs
recognition from both facial (Grynberg et al., 2012) and
aton et al., 2012) stimuli in typical individuals, while
udies suggest it is also responsible for the atypical emo-
ession, recognition, empathy, and eye-ﬁxation seen in
ividuals with autism (Bird et al., 2010a 2011; Cook et al.,
aton et al., 2012; Oakley et al., 2016; Trevisan et al.,
d Feeding and Eating Disorders (Brewer et al., 2015b). If
case that alexithymia represents a general impairment
teroceptive domain, these ﬁndings suggest that intact
tive abilities are crucial for successful socio-emotional
ng. Together, research on the importance of interocep-
he development of typical cognition (in the emotional,
nd decision-making, sensory, and social domains) and its
 role in the aetiology and/or symptomatology of a number
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 propose, interoception does represent the ‘p-factor’,
nding why  heightened and impaired interoception is asso-
th distinct pathologies (e.g., anxiety, depression) may  shed
he mechanism by which interoception confers risk and
 to pathology. In addition, identifying periods of signif-
elopmental change in interoceptive ability may  explain
f enhanced risk for the development of psychopathology,
some individuals develop symptoms despite prior typical
ent.
ception across the lifespan
rch on the development of interoception is not plentiful,
e it exists we  provide an overview below. Where research
tely lacking, such as in infancy, we  outline the measures
d be used to make progress, and the issues surrounding
. Where data are available that rely upon measures of
ia rather than explicit tests of interoceptive ability, we
te this evidence in order to provide a more comprehen-
w of the existing evidence subject to the assumptions
in Section 2. Identifying the gaps in our understanding
velopment of interoception will, we hope, lead to these
g addressed, and to an understanding of the causal mech-
y which interoception contributes to the development of
der cognition.
oception in infancy
mmediately apparent that research on interoception in
ust adopt very different methods to research in older indi-
xisting tests of interoceptive sensitivity for heartbeat and
ely on verbal comprehension and report − participants
 to report the number of heartbeats in a given period or
ective degree of arousal. Such methods are not available to
rs working with pre-verbal infants, necessitating alterna-
ods of assessing interoceptive ability. We  suggest that one
est would be to employ an implicit interoceptive discrim-
sk whereby stimuli (tones/ﬂashes) are presented either in
out of phase with the infant’s heartbeat or rate of respira-
roceptive sensitivity could then be established using visual
e methods or rate of sucking on non-nutritive paciﬁers.
icit discrimination task could then be used to test develop-
odels linking interoception to the development of social
.g. Quattrocki and Friston, 2014) by assessing the degree
 interoceptive ability predicts orientation to social stim-
on and Johnson, 1991), for example, in infancy, as well as
der cognition at subsequent developmental stages.
te  a lack of explicit interoception tests suitable for use
y, there is evidence consistent with the notion that
nteroception emerges early in development. For exam-
urst et al. (2014) noted heart rate deceleration in 9 month
ts in response to caregiver stroking when it was light
edium velocity (∼3 cm per second), the speed at which
ated C-tactile ﬁbres responsible for the transmission of
tive information respond (Löken et al., 2009). Similarly,
f research indicates that taste sensitivity, and alimen-
oception (including hunger, thirst and satiety) emerges
evelopment (e.g., Harshaw, 2008). Whilst such evidence
 that implicit interoception is present early in develop-
e age at which explicit awareness of such interoceptive
velops, and when interoceptive signals can be differenti-
or recognised, remains unclear (see Harshaw, 2008).
er question to address is whether implicit measures such
hich we  propose above would measure the same ability
by the explicit tests of interoceptive awareness used in
50 urosci
older ind
stimuli sy
inﬂuence
2016a; M
2014; Fia
this effec
2009). M
between 
masked e
accuracy 
suggestio
interocep
order cog
between 
roceptive
between 
Garﬁnkel
ciation (e
differenc
unclear e
contribut
Friston, 2
tribute to
3.2. Inter
Implic
3 and 13 y
Potential
iological 
and front
ing the R
to reﬂect
ity has b
attend to
et al., 199
2013) an
been not
pain; Sha
interocep
informati
ception o
1986; dis
2016). Ind
vary with
Schandry
Montoya
ing (Scha
explicit in
strated in
interocep
HEP has n
the ampl
light on t
lifespan.
To our
tion, as m
is six yea
performa
dren, dat
6–11 yea
Pollatos, 2
more difﬁ
data obta
child dat
design, b
 to no
hild
een
degr
x of 
own
n me
ren 
ccur
). If t
 incr
ot c
ocep
; Nä
iﬁc r
 grea
s of i
nuat
ion) 
thing
itivit
viou
ely, a
 asso
ncrea
ety s
 the 
ion (
iac in
 from
est t
d wi
hoo
s (Ri
siau
lyca
). Hi
ptom
) in c
e ad
h an
ami
 of i
mia) 
 our 
unde
rsta
ion i
ates
tbea
y no
ropo
ilar
ults
shar
ithym
ion o
some
vers
Milla
ronm
rdiaJ. Murphy et al. / Developmental Cognitive Ne
ividuals. It is well established in adults that presenting
nchronously with the systolic phase of the cardiac cycle
s perceptual processing and memory (e.g., Azevedo et al.,
artins et al., 2014; Suzuki et al., 2013; Garﬁnkel et al., 2013,
cconi et al., 2016; Gray et al., 2009, 2010, 2012) and that
t is mediated by the insula (Salomon et al., 2016; Gray et al.,
ore recent evidence also suggests a positive association
interoceptive arousal (heartrate acceleration) induced by
motive stimuli (e.g., a disgusted face) and metacognitive
(Allen et al., 2016). These results are consistent with the
n that adults have an implicit awareness of at least one
tive signal (heartbeat), and that it impacts upon higher-
nition. However, questions remain as to the relationship
such implicit interoceptive perception and explicit inte-
 perception. Although some studies report a correlation
explicit and implicit measures (e.g., Azevedo et al., 2016a;
 et al., 2013; Suzuki et al., 2013) others have found no asso-
.g., Salomon et al., 2016; Azevedo et al., 2016b). Whilst task
es are likely to contribute to discrepant ﬁndings, it remains
xactly how the two are related, how explicit interoception
es to the development of social cognition (Quattrocki and
014), and how implicit and explicit interoception con-
 the development of the concept of the ‘self’ (Seth, 2013).
oception in childhood
it  interoception has been examined in children between
ears using cortical measurement of the Heartbeat Evoked
 (HEP; Immanuel et al., 2014). The HEP is an electrophys-
Event Related Potential occurring over somatosensory
al/prefrontal regions approximately 200–600 ms  follow-
-peak of the Electrocardiogram waveform and is thought
 cortical processing of cardiac information. Such activ-
een observed in the absence of explicit instruction to
 one’s heartbeat (e.g., Immanuel et al., 2014; Montoya
3; Schandry et al., 1986; Shao et al., 2011; Schulz et al.,
d a reduction in the magnitude of this component has
ed in the presence of another interoceptive signal (e.g.,
o et al., 2011). As such, the HEP may  represent implicit
tive perception and/or the transmission of interoceptive
on independent of attentional allocation or conscious per-
f one’s heartbeat (e.g., Schulz et al., 2013; Schandry et al.,
cussed also by Garﬁnkel et al., 2015b; Pollatos et al.,
eed, the magnitude of the HEP has been demonstrated to
 explicit interoceptive sensitivity in adults (Pollatos and
, 2004; Schandry et al., 1986; Katkin et al., 1991; but see
 et al., 1993) and can be modulated by interoceptive train-
ndry and Weitkunat, 1990). The HEP’s relationship with
teroceptive sensitivity (although currently only demon-
 adulthood) means it may  be a viable means to investigate
tion in younger infants as well as children, but as yet the
ot been investigated in infancy. Future work examining
itude of this component across development may  shed
he stability of implicit interoceptive perception across the
 knowledge the youngest age at which explicit interocep-
easured by heartbeat tracking tasks, has been examined
rs of age. While no single study has directly compared
nce on the heartbeat tracking task in adults and chil-
a from large studies (N = 1350) in children (age range
rs) indicate equivalent performance to adults (Koch and
014a). The assessment of alexithymia in children is much
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te, therefore, that while alexithymia measures designed
ren are reliable (Rieffe et al., 2006), discrepancies arise
 parent- and child-report measures (Grifﬁn et al., 2015).
ee to which self-reported alexithymia can serve as an
interoceptive ability in childhood is therefore currently
. Interestingly, improved interoceptive sensitivity, at least
asured over longer time intervals, has been observed in
with autism (Schauder et al., 2015), which is known to
 with alexithymia (Berthoz and Hill, 2005; Grifﬁn et al.,
his result truly reﬂects greater interoceptive ability, rather
eased task adherence (Shah et al., 2016), then the results
onsistent with the relationship between alexithymia and
tive sensitivity in adults (Herbert et al., 2011; Shah et al.,
ring and Van der Staak, 1995), making investigation of this
elationship in children a priority.
t deal of evidence supports the predictive ability of mea-
nteroception for physical and mental health in childhood.
ed heartbeat evoked potentials (atypical implicit intero-
have been observed in children with sleep disordered
 (Immanuel et al., 2014), while poor explicit interoceptive
y has been associated with obesity and disordered eating
r across a 1-year period (Koch and Pollatos, 2014b). Con-
typically high explicit cardiac sensitivity in children has
ciated with both positive and negative outcomes includ-
sed physical activity (Georgiou et al., 2015), and panic and
ymptoms (Eley et al., 2004), respectively. This is in line
positive relationship between ﬁtness and cardiac intero-
e.g., Borg and Linderholm, 1967), and panic disorder and
teroception (Van der Does et al., 2000), in adulthood. The
 both adulthood and childhood, therefore, converge to
hat both high and low interoceptive sensitivity are asso-
th distinct outcomes. In addition, levels of alexithymia in
d, as measured by child appropriate questionnaire mea-
effe et al., 2006), are associated with glycaemic control
x et al., 2010), with difﬁculty describing feelings predict-
emic control at follow up two years later (Housiaux et al.,
gh levels of alexithymia are also associated with somatic
s (Rieffe et al., 2006) and negative mood (Nasiri et al.,
hildren. Again, these ﬁndings are consistent with research
ult population (Luminet et al., 2006; Taylor et al., 1992;
d Simonsson-Sarnecki, 2001) and highlight the potential
ning the association between these factors and objective
nteroception (rather than self-report measures of alex-
in the future.
proposal that atypical interoception is the common fac-
rlying a range of psychiatric disorders is correct, then
nding interoception and the aetiology of atypical intero-
n childhood may  be crucial. Evidence from twin studies
 a substantial proportion of the variance associated with
t awareness in children (Eley et al., 2007) is accounted
n-shared environmental factors. Indeed, consistent with
sed relationship between alexithymia and interoception,
 heritability pattern for alexithymia has been observed
 (Jørgensen et al., 2007). Whilst it is unclear what these
ed environmental factors are, it is possible that for both
ia and interoception, childhood adversity accounts for a
f this unexplained variance. Increased rates of psychiatric,
 physical, disorders have been associated with a number
e experiences in childhood including abuse, neglect (e.g.,
n et al., 2001; Kaplow and Widom, 2007) and poor family
ent (see Repetti et al., 2002). Whilst individual differences
c interoception have not yet been associated with spe-
hood experiences, certain types of atypical interoception,
ltered pain perception in adulthood, have been associ-
h childhood abuse (e.g., Fillingim and Edwards, 2005).
this maltreatment is associated with structural network
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to interoceptive regions such as the insula and anterior
 cortex (e.g., Teicher et al., 2014). It is notable also that
 rates of alexithymia in adulthood have been associated
many of the same adverse childhood experiences (e.g.,
d Irwin, 2000; Berenbaum, 1996; Aust et al., 2013). Given
iation between alexithymia, interoception, and adverse
iences, examining whether these experiences, and others,
 the non-shared environmental factors that account for a
n of individual differences across other domains of inte-
 is a question for future research. Furthermore, given the
ip between alexithymia and interoception, understand-
hymia in childhood may  be important in understanding
tory of interoception across early development, and in
ing whether childhood interoceptive abilities are stable,
nced by adversity (e.g., Martínez-Sánchez et al., 2003;
and Saarijärvi, 2014). Whilst the stability of interoceptive
er time remains an unanswered question (De Peuter et al.,
gitudinal studies over an 11-year period indicate relative
f alexithymia in adulthood (Tolmunen et al., 2011). Fur-
ies in childhood that consider environmental inﬂuences
evelopment, however, are urgently required. In particular,
ssessing the environmental inﬂuences on interoceptive
uring childhood using objective measures of interocep-
ld shed further light on the nature of the relationship
alexithymia and interoception, and allow the relative sta-
lexithymia and interoception across development to be
.
oception in adolescence
scence  is the period of development following the onset
y characterised by many hormonal and physical changes
 and Hendry, 1990; Feldman and Elliott, 1990), as well
ogical changes (see Crone et al., 2016; Blakemore et al.,
kemore and Choudhury, 2006). There is also substan-
ological change throughout adolescence; self-awareness,
ity for strategic thought, cognitive ﬂexibility and self-
ness all develop, in addition to notable changes in identity
re and Choudhury, 2006; Rutter and Rutter, 1993). This
 from childhood to adulthood is also, however, associated
eased risk taking, accidents and criminal behaviour (e.g.,
, 2007; Crone et al., 2016). Additionally, it is the period
pment where many psychiatric disorders have their onset
l., 2008; Kessler et al., 2005), and is argued to have a strong
n mental and physical health later in life. The hypoth-
atypical interoception may  underpin the emergence of
thology would therefore be supported by evidence of
nteroception during adolescence. Unfortunately, there is
f research into interoception in adolescence using objec-
ures of interoceptive sensitivity. A single study reported,
t with evidence across other stages of development, that
eartbeat awareness was associated with adolescent obe-
ugh a relatively small sample precluded observation of
ingful effects of adolescence on heartbeat perception sen-
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rticle focussed on interoception across the lifespan,
ting what we currently do and do not know about
roceptive ability changes across development. We  have
 current methods to deﬁne and measure interoception,
 that the almost exclusive use of cardiac-based measures
eptive ability across development is problematic, particu-
e study of groups of individuals that may  be characterised
al interoception. We  also argued that interoception is
t for typical higher-order cognition, particularly in the
realm, and in learning and decision-making. We  suggested
ical interoception may  represent the ‘p-factor’, a general
ility to psychopathology. After providing this context, we
 data on the development of interoception and its impact
al and mental health across four stages of development:
hildhood, adolescence and late adulthood. In the absence
le data explicitly concerning interoception, we drew upon
iation between alexithymia and interoception to present
f how changes in interoceptive ability may  underpin psy-
l changes from childhood to late adulthood. This review
important foci for future research, presented here in no
r order. The ﬁrst refers to the association between intero-
nd alexithymia, and the extent to which alexithymia can
ered a proxy for interoceptive ability across interocep-
ains and developmental stages. The second relates to the
e and development of interoception in infancy, and the
ip between interoceptive and social abilities in this age
e third focus for future research should be to establish how
 adversity inﬂuences interoception, and whether adver-
nts for the non-shared environmental factors identiﬁed
udies of interoceptive ability. Fourth, it is crucial to exam-
rty-related changes in interoception, and whether these
redict the onset of psychiatric disorders, risky behaviour,
l difﬁculties in adolescence. Such research will also bear
estion of whether interoception is the p-factor underly-
ptibility to psychopathology. Fifth, whether interoceptive
derlies age-related changes in emotional awareness in
hood should be investigated, and whether simple mea-
teroceptive ability can be used as clinical screening tools
tes, dehydration, and other interoception-related difﬁ-
 this developmental stage. Finally, a vital initial step in
ork is the development of reliable methods to examine
tion across the lifespan in order to facilitate longitudinal
ental studies.
s supported by a doctoral studentship from the Economic
l Research Council [1599941; ES/J500057/1]. GB was sup-
 the Baily Thomas Charitable Trust.
es
ank, D., Schwarzkopf, D.S., Fardo, F., Winston, J.S., Hauser, T.U., Rees, G.,
nexpected arousal modulates the inﬂuence of sensory noise on
nce. eLife 5, e18103.
 Ambrosecchia, Buratta, M.L., Ferri, F., Peciccia, M., Donnari, S.,
Azeve
th
9
Azeve
re
su
Bamo
2
a
Beren
P
Berk,
S
n
2
Bernh
d
a
Berth
re
(3
Bird, 
re
B
Bird,  
e
1
Blake
im
P
Blake
a
Blum
co
Borg,
e
Borsc
A
1
Brene
e
Brew
a
co
Brew
d
O
Brew
R
Brew
o
C
U
Caspi
M
o
C
Clark
e
A
Clark
B
Cochr
e
Colem
F
Cook,
re
Craig
co
Critch
N
Critch
R
Crone
co
in
Dama
a
Dama
Pchi, C., Gallese, V., 2016. Interoception and Positive Symptoms in
hrenia. Hum. Neurosci. 10, 2016.
twig, E.A., Heuser, I., Bajbouj, M.,  2013. The role of early emotional
 in alexithymia. Psychol. Trauma: Theory Res. Pract. Policy 5 (3),
2.
De Peuter, S
charact
Deborde, A
adolescence 23 (2017) 45–56 53
T., Ainley, V., Tsakiris, M., 2016a. Cardio-visual integration modulates
jective perception of affectively neutral stimuli. Int. J. Psychophysiol.
17.
T., Aglioti, S.M., Lenggenhager, B., 2016b. Participants’ above-chance
tion of own-heart sound combined with poor metacognitive awareness
s  implicit knowledge of own heart cardiodynamics. Sci. Rep. 6.
M., Heisel, M.J., Topciu, R.A., Franus, N., Talbot, N.L., Duberstein, P.R.,
ssociation of alexithymia and depression symptom severity in adults
 years and older. Am. J. Geriatr. Psychiatry 18 (1), 51–56.
,  H., 1996. Childhood abuse, alexithymia and personality disorder. J.
om. Res. 41 (6), 585–595.
wart, J.L., May, A.C., Wiers, R.W., Davenport, P.W., Paulus, M.P., Tapert,
5. Under pressure: adolescent substance users show exaggerated
rocessing of aversive interoceptive stimuli. Addiction 110 (12),
036.
B.C., Valk, S.L., Silani, G., Bird, G., Frith, U., Singer, T., 2014. Selective
ion of sociocognitive structural brain networks in autism and
mia. Cereb. Cortex 24, 3258–3267.
 Hill, E.L., 2005. The validity of using self-reports to assess emotion
ion abilities in adults with autism spectrum disorder. Eur. Psychiatry 20
–298.
ni, G., Brindley, R., White, S., Frith, U., Singer, T., 2010a. Empathic brain
es in insula are modulated by levels of alexithymia but not autism.
q060.
ss, C., Richardson, D.C., 2011. The role of alexithymia in reduced
tion in autism spectrum conditions. J. Autism Dev. Disord. 41 (11),
564.
 S.J., Choudhury, S., 2006. Development of the adolescent brain:
tions for executive function and social cognition. J. Child Psychol.
try 47 (3–4), 296–312.
 S.J., Burnett, S., Dahl, R.E., 2010. The role of puberty in the developing
ent brain. Hum. Brain Mapp. 31 (6), 926–933.
, Nelson-Mmari, K., 2004. The health of young people in a global
. J. Adolesc. Health 35 (5), 402–418.
derholm, H., 1967. Perceived exertion and pulse rate during graded
e in various age groups. Acta Med. Scand. 181, 194–206.
occardi, M.,  Rossi, R., Rossi, G., Perez, J., Bonetti, M.,  Frisoni, G.B., 2009.
ymia in healthy women: a brain morphology study. J. Affect. Disord.
8–215.
luvitse, C., 1988. Heartbeat detection: judgments of the simultaneity of
l stimuli and heartbeats. Psychophysiology 25 (5), 554–561.
Happé, F., Cook, R., Bird, G., 2015a. Commentary on Autism, oxytocin
eroception: alexithymia, not Autism Spectrum Disorders, is the
ence of interoceptive failure. Neurosci. Biobehav. Rev. 56, 348–353.
Cook, R., Cardi, V., Treasure, J., Bird, G., 2015b. Emotion recognition
 in eating disorders are explained by co-occurring alexithymia. R. Soc.
ci. 2 (1), 140382.
Cook, R., Bird, G., 2016a. Alexithymia: a general deﬁcit of interoception.
pen Sci. 3 (10), 150664.
Cook, R., Bird, G., 2016b. Shared interoceptive representations: the case
thymia. In: Obhi, S.S., Cross, E.S. (Eds.), Shared Representations.
dge  Social Neuroscience Series. Cambridge University Press, Cambridge,
outs, R.M., Belsky, D.W., Goldman-Mellor, S.J., Harrington, H., Israel, S.,
.H., Ramrakha, S., Shalev, I., Poulton, R., Mofﬁtt, T.E., 2014. The p factor
eral psychopathology factor in the structure of psychiatric disorders?
ychol. Sci. 2 (2), 119–137.
 Mehl, L., 1971. Thermal pain: a sensory decision theory analysis of the
f age and sex on d’, various response criteria, and 50% pain threshold. J.
. Psychol. 78 (2), 202–212.
 1999. Anxiety disorders: why  they persist and how to treat them.
Res. Ther. 37, 5–27.
.E., Brewerton, T.D., Wilson, D.B., Hodges, E.L., 1993. Alexithymia in the
isorders. Int. J. Eat. Disord. 14 (2), 219–222.
C., Hendry, L., 1990. The Nature of Adolescence, 2nd edn. Taylor &
/Routledge, Florence, KY.
ewer, R., Shah, P., Bird, G., 2013. Alexithymia, not autism, predicts poor
tion of emotional facial expressions. Psychol. Sci. 24 (5), 723–732.
2002. How do you feel? Interoception: the sense of the physiological
on of the body. Nat. Rev. Neurosci. 3 (8), 655–666.
.D., Harrison, N.A., 2013. Visceral inﬂuences on brain and behavior.
 77 (4), 624–638.
.D., Nagai, Y., 2012. How emotions are shaped by bodily states. Emot.
2), 163–168.
 Duijvenvoorde, A.C., Peper, J.S., 2016. Annual Research Review: neural
utions to risk-taking in adolescence–developmental changes and
ual differences. J. Child Psychol. Psychiatry 57 (3), 353–368.
., Damasio, H.,  Tranel, D., 2012. Persistence of feelings and sentience
lateral damage of the insula. Cereb. Cortex bhs077.
.R., 1994. Descartes’ Error: Emotion, Reason, and the Human Brain.
, New York, NY.
., Van Diest, U., Van den Bergh, O., 2008. Interoception. Stable
eristic, or person-by-situation interaction? Adv. Psychol. Res. 53, 3–9.
.S., Vanwalleghem, M.S., Aitel, S., 2015. Emotion regulation in
ents with conduct disorder and controls. L’Encephale 41 (1), 62–69.
54 urosci
Delgado-Ri
A., 2013
decision
1662–1
Domschke, 
sensitiv
neurob
Dunn,  B.D., 
Lawren
interoc
Psychol
Ehlers, A., B
Abnorm
Ehlers, A., 1
3–21.
Eley, T.C., St
percept
Behav. 
Eley, T.C., G
of panic
children
Füstös, J., G
emotion
Affect. N
Fairhurst, M
respons
Sci. 25 (
Feinstein, J.
Tranel, 
patient
amygda
Feldman, S.
Feldman-H
real soc
Feng, P., Hu
aging. C
Fergus, S., Z
risk beh
1096–1
Fiacconi, C.
feedbac
559.
Fillingim, R
associa
J. Pain 2
Fortes,  M.B
Walsh, 
hydrati
Med. Di
Fowler, C.J.,
1505–1
Franklin, S.S
D., 1997
Framin
Gagliese, L.
researc
Gaigg, S.B., 
mechan
Garﬁnkel, S
insights
insular 
(2012).
Garﬁnkel, S
What th
modula
50 (6), 5
Garﬁnkel, S
Fear fro
heartbe
Garﬁnkel, S
your ow
awaren
Garﬁnkel, S
regulat
Garﬁnkel, S
D, Enge
axes. Ph
Gatta, M.,  F
Alexith
populat
Gendron, M
emotion
Georgiou, E
Pollatos
Front. P
rer, J.,
0). Ofﬁ
dmini
ich-D
ssocia
imens
,  H.J., 
chulze
loster
006. A
udy. P
, C.L.,
f age o
 M.A., 
ollowi
ﬂexes
 M.A., 
ttenua
53–86
 M.A., 
.D., 20
motio
n,  C., L
ithou
erg,  D
umine
xpress
erspec
elman
sychia
aw,  C
nderst
41 (2)
aw, C
stem
41–56
n, P., 
e effe
ectru
ryx,  M
eir re
rt, B.M
nd obe
rt, B.M
nd aut
ress.  P
rt, B.M
teroc
 emo
rt, B.M
odali
r gast
stan, S
iabete
veen, 
llowi
alamp
epres
sycho
alamp
009. T
elf-Re
), 263
ing, S.
xpress
europ
iaux, M
ssocia
etab. 
iaux,  M
thers s
pe 1 d
z, A., G
uman
, K., Da
ugel, H
lated
udy.  B
nuel, 
.A., Ba
ehavioJ. Murphy et al. / Developmental Cognitive Ne
co, E., Soriano-Mas, C., Verdejo-Román, J.S., Río-Valle, J., Verdejo-García,
. Decreased insular and increased midbrain activations during
-making under risk in adolescents with excess weight. Obesity 21 (8),
668.
K., Stevens, S., Pﬂeiderer, B., Gerlach, A.L., 2010. Interoceptive
ity in anxiety and anxiety disorders: an overview and integration of
iological ﬁndings. Clin. Psychol. Rev. 30 (1), 1–11.
Galton, H.C., Morgan, R., Evans, D., Oliver, C., Meyer, M.,  Cusack, R.,
ce, A.D., Dalgleish, T., 2010. 2010). Listening to your heart how
eption shapes emotion experience and intuitive decision making.
. Sci. 21 (12), 1835–1844.
reuer, P., 1992. Increased cardiac awareness in panic disorder. J.
. Psychol. 101 (3), 371–382.
993. Interoception and panic disorder. Adv. Behav. Res. Ther. 15 (1),
irling, L., Ehlers, A., Gregory, A.M., Clark, D.M., 2004. Heart-beat
ion, panic/somatic symptoms and anxiety sensitivity in children.
Res. Ther. 42 (4), 439–448.
regory, A.M., Clark, D.M., Ehlers, A., 2007. Feeling anxious: a twin study
/somatic ratings, anxiety sensitivity and heartbeat perception in
. J. Child Psychol. Psychiatry 48 (12), 1184–1191.
ramann, K., Herbert, B.M., Pollatos, O., 2013. On the embodiment of
 regulation: interoceptive awareness facilitates reappraisal. Soc. Cogn.
eurosci. 8 (8), 911–917.
.T., Löken, L., Grossmann, T., 2014. Physiological and behavioral
es reveal 9-month-old infants’ sensitivity to pleasant touch. Psychol.
5), 1124–1131.
S., Khalsa, S.S., Salomons, T.V., Prkachin, K.M., Frey-Law, L.A., Lee, J.E.,
D., Rudrauf, D, 2016. Preserved emotional awareness of pain in a
 with extensive bilateral damage to the insula, anterior cingulate, and
la. Brain Struct. Funct. 221 (3), 1499–1511.
S., Elliott, G.R. (Eds.), 1990. Harvard University Press., Cambridge, MA.
all, O., Dalgleish, T., Mobbs, D., 2013. Alexithymia decreases altruism in
ial decisions. Cortex 49, 899–904.
ang, L., Wang, H., 2013. Taste bud homeostasis in health, disease, and
hem. Senses bjt059.
immerman, M.A., Caldwell, C.H., 2007. Growth trajectories of sexual
avior in adolescence and young adulthood. Am.  J. Public Health 97 (6),
101.
M., Peter, E.L., Owais, S., Köhler, S., 2016. Knowing by heart: visceral
k shapes recognition memory judgments. J. Exp. Psychol. Gen. 145 (5),
.B., Edwards, R.R., 2005. Is self-reported childhood abuse history
ted with pain perception among healthy young women and men? Clin.
1 (5), 387–397.
., Owen, J.A., Raymond-Barker, P., Bishop, C., Elghenzai, S., Oliver, S.J.,
N.P., 2015. Is this elderly patient dehydrated? Diagnostic accuracy of
on assessment using physical signs, urine, and saliva markers. J. Am.
r. Assoc. 16 (3), 221–228.
 2003. Visceral sensory neuroscience: interoception. Brain 126 (6),
506.
., Gustin, W.,  Wong, N.D., Larson, M.G., Weber, M.A., Kannel, W.B., Levy,
. Hemodynamic patterns of age-related changes in blood pressure The
gham Heart Study. Circulation 96 (1), 308–315.
, 2009. Pain and aging: the emergence of a new subﬁeld of pain
h. J. Pain 10 (4), 343–353.
Maurice, A.S.F., & Bird, G. (in press) The psychophysiological
isms of alexithymia in autism spectrum disorder.
.N., Critchley, H.D., 2013. Interoception, emotion and brain: new
 link internal physiology to social behaviour. Commentary on: anterior
cortex mediates bodily sensibility and social anxiety by Terasawa et al.
 Soc. Cogn. Affect. Neurosci. 8 (3), 231–234.
.N., Barrett, A.B., Minati, L., Dolan, R.J., Seth, A.K., Critchley, H.D., 2013.
e heart forgets: cardiac timing inﬂuences memory for words and is
ted by metacognition and interoceptive sensitivity. Psychophysiology
05–512.
.N., Minati, L., Gray, M.A., Seth, A.K., Dolan, R.J., Critchley, H.D., 2014.
m the heart: sensitivity to fear stimuli depends on individual
ats.  J. Neurosci. 34 (19), 6573–6582.
.N., Seth, A.K., Barrett, A.B., Suzuki, K., Critchley, H.D., 2015a. Knowing
n  heart: distinguishing interoceptive accuracy from interoceptive
ess. Biol. Psychol. 104, 65–74.
.N., Eccles, J.A., Critchley, H.D., 2015b. The Heart, the brain, and the
ion of emotion. JAMA Psychiatry 72 (11), 1071–1072.
.N., Manassei, M.F., Hamilton-Fletcher, G., In den Bosch, Y., Critchley, H.,
ls, M.,  2016. Interoceptive dimensions across cardiac and respiratory
ilos. Trans. R. Soc. B 371, 20160014.
acca, I., Colombo, E., Svanellini, L., Montagnese, S., Schiff, S., 2014.
ymia, psychopathology and alcohol misuse in adolescence: a
ion based study on 3556 teenagers. Neurosci. Med. 5 (1), 60–71.
.,  Barrett, L.F., 2009. Reconstructing the past: a century of ideas about
Gfroe
1
A
Goerl
a
d
Grabe
S
K
2
st
Grady
o
Gray,
F
re
Gray,
a
8
Gray,
H
E
Grifﬁ
w
Grynb
L
e
p
Gunz
P
Harsh
u
1
Harsh
sy
5
Heato
th
sp
Hend
th
Herbe
a
Herbe
a
st
Herbe
in
to
Herbe
m
fo
Hinti
d
Hoge
fo
Honk
D
P
Honk
2
S
(3
Horn
e
N
Hous
a
M
Hous
o
ty
Iban˜e
h
Ihme
K
re
st
Imma
D
b in psychology. Emot. Rev. 1 (4), 316–339.
., Matthias, E., Kobel, S., Kettner, S., Dreyhaupt, J., Steinacker, J.M.,
, O., 2015. Interaction of physical activity and interoception in children.
sychol. 6.
Med. 19
Isaacowitz,
Costa, P
and facence 23 (2017) 45–56
 1995. National Household Survey of Drug Abuse (Advance Report No.
ce of Applied Studies. Substance Abuse and Mental Health Services
stration, Washington, DC.
obre, K.S., Bruce, L., Martens, S., Aleman, A., Hooker, C.I., 2014. Distinct
tions of insula and cingulate volume with the cognitive and affective
ions of alexithymia. Neuropsychologia 53, 284–292.
Ruhrmann, S., Ettelt, S., Müller, A., Buhtz, F., Hochrein, A.,
-Rauschenbach, S., Meyer, K., Kraft, S., Reck, C., Pukrop, R.,
kötter, J., Falkai, P., Maier, W.,  Wagner, M.,  John, U., Freyberger, H.J.,
lexithymia in obsessive-compulsive disorder?results from a family
sychother. Psychosom. 75 (5), 312–318.
 Hongwanishkul, D., Keightley, M.,  Lee, W.,  Hasher, L., 2007. The effect
n memory for emotional faces. Neuropsychology 21 (3), 371–380.
Rylander, K., Harrison, N.A., Wallin, B.G., Critchley, H.D., 2009.
ng one’s heart: cardiac rhythms gate central initiation of sympathetic
. J. Neurosci. 29 (6), 1817–1825.
Minati, L., Paoletti, G., Critchley, H.D., 2010. Baroreceptor activation
tes attentional effects on pain-evoked potentials. PAIN® 151 (3),
1.
Beacher, F.D., Minati, L., Nagai, Y., Kemp, A.H., Harrison, N.A., Critchley,
12. Emotional appraisal is inﬂuenced by cardiac afferent information.
n 12 (1), 180–191.
ombardo, M.V., Auyeung, B., 2015. Alexithymia in children with and
t autism spectrum disorders. Autism Res. 9, 773–780.
., Chang, B., Corneille, O., Maurage, P., Vermeulen, N., Berthoz, S.,
t, O., 2012. Alexithymia and the processing of emotional facial
ions (EFEs): systematic review, unanswered questions and further
tives. PLoS One 7 (8), e42429.
n, T., 2002. Alexithymia in the elderly general population. Compr.
try 43 (1), 74–80.
., 2015. Interoceptive dysfunction: Toward an integrated framework for
anding somatic and affective disturbance in depression. Psychol. Bull.
, 311.
., 2008. Alimentary epigenetics: a developmental psychobiological
s view of the perception of hunger, thirst and satiety. Dev. Rev. 28 (4),
9.
Reichenbacher, L., Sauter, D., Allen, R., Scott, S., Hill, E., 2012. Measuring
cts of alexithymia on perception of emotional vocalizations in autistic
m disorder and typical development. Psychol. Med. 42 (11), 2453–2459.
.S., Haviland, M.G., Shaw, D.G., 1991. Dimensions of alexithymia and
lationships to anxiety and depression. J. Pers. Assess. 56 (2), 227–237.
., Pollatos, O., 2014. Attenuated interoceptive sensitivity in overweight
se individuals. Eat. Behav. 15 (3), 445–448.
., Pollatos, O., Flor, H., Enck, P., Schandry, R., 2010. Cardiac awareness
onomic cardiac reactivity during emotional picture viewing and mental
sychophysiology 47 (2), 342–354.
., Herbert, C., Pollatos, O., 2011. On the relationship between
eptive awareness and alexithymia: is interoceptive awareness related
tional awareness? J. Pers. 79 (5), 1149–1175.
., Muth, E.R., Pollatos, O., Herbert, C., 2012. Interoception across
ties: on the relationship between cardiac awareness and the sensitivity
ric functions. PLoS One 7 (5), e36646.
., Cilingir, D., Birinci, N., 2013. Alexithymia among elderly patients with
s. Pak. J. Med. Sci. 29 (6), 1344–1348.
J., Bird, G., Chau, A., Krueger, F., Grafman, J., 2016. Acquired alexithymia
ng damage to the anterior insula. Neuropsychologia 82, 142–148.
i, K., Hintikka, J., Tanskanen, A., Lehtonen, J., Viinamäki, H., 2000.
sion is strongly associated with alexithymia in the general population. J.
som. Res. 48 (1), 99–104.
i, K., Tolmunen, T., Hintikka, J., Rissanen, M.L., Kylmä, J., Laukkanen, E.,
he prevalence of alexithymia and its relationship with Youth
port problem scales among Finnish adolescents. Compr. Psychiatry 50
–268.
M., Cornwell, R.E., Davis, H.P., 2012. The recognition of facial
ions: an investigation of the inﬂuence of age and cognition. Aging
sychol. Cogn. 19 (6), 657–676.
.,  Luminet, O., Van Broeck, N., Dorchy, H., 2010. Alexithymia is
ted with glycaemic control of children with type 1 diabetes. Diab.
36 (6), 455–462.
.,  Luminet, O., Dorchy, H., 2016. Difﬁculties describing feelings to
till predicts glycaemic control up to 24 months later in children with
iabetes. Diab. Metab. 42, 207–210.
leichgerrcht, E., Manes, F., 2010. Clinical effects of insular damage in
s. Brain Struct. Funct. 214 (5–6), 397–410.
nnlowski, U., Lichev, V., Stuhrmann, A., Grotegerd, D., Rosenberg, N.,
., Heindel, W.,  Arolt, V., Kersting, A., Suslow, T., 2013. Alexithymia is
 to differences in grey matter volume: a voxel-based morphometry
rain Res. 1491, 60–67.
S.A., Pamula, Y., Kohler, M.,  Martin, J., Kennedy, D., Nalivaiko, E., Saint,
umert, M.,  2014. Heartbeat evoked potentials during sleep and daytime
r  in children with sleep-disordered breathing. Am.  J. Respir. Crit. Care
0 (10), 1149–1157.
 D.M., Löckenhoff, C.E., Lane, R.D., Wright, R., Sechrest, L., Riedel, R.,
.T., 2007. Age differences in recognition of emotion in lexical stimuli
ial expressions. Psychol. Aging 22 (1), 147–159.
urosci
Jørgensen, M
environ
Danish 
Jonah,  B.A., 
risk per
Jones, G.E., 
method
Advanc
Joukamaa, M
Alexith
Joukamaa, M
2007. E
(4), 373
Kan, M.L., C
of chan
adultho
Kano, M.,  Fu
Hongo, 
people 
Kaplow, J.B
long-te
Karukivi, M
World J
Karukivi, M
Joukam
in adole
Karukivi, M
M., Saar
adolesc
Karukivi, M
of alexi
Psychia
Karukivi, M
alexithy
4-year f
Katkin,  E.S.,
percept
Katkin, E.S.,
for the 
Psychop
Katkin, E.S.,
evoked
61 (3–4
Kench,  S., Ir
Psychol
Kessels,  R.P
Assessm
Recogn
Neurop
Kessler, R.C
Lifetime
Nationa
593–60
Khalsa, S.S.,
for biom
Khalsa,  S.S.,
isoprote
awaren
Khalsa, S.S.,
age. Psy
Klabunde, M
Interoce
Eat. Beh
Knapp-Klin
detectio
Biol. Psy
Koch, A., Po
relation
932–94
Koch, A., Po
behavio
Krueger, R.F
commo
Abnorm
Kuntsche, E
Social S
Löken, L.S., 
by unm
Laceulle, O.
psychop
factor  in
Larson,  R.W
change 
1151–1
ov, A.,
nden
om bi
son, D
9–48.
 Zucke
evelop
head-o
n, W.,
nd pre
ssessm
rzo, M
015. T
elf-Aw
net, O
ctors 
etab. 
,  L., S
mpla
illan,
.K., Wa
fetime
878–1
inen, 
ukam
isrupt
nez-S
ait? S
ns, A.Q
erform
udy. B
, F., Ve
ward
verwe
la, A.K
ssocia
), 629
A.C., S
rocess
ael, R.,
sycho
orini, 
el? Ad
leasan
oya, P
pogra
lectro
no, C.,
motio
n, J., J
fant f
g, G.W
ressur
93–20
i, N.H.
iew of
35–45
i, H., L
hysica
an. J. P
ah, J.C
sycho
n, W.
mong 
sychop
y, B.F.
motio
bnorm
 P., Ha
rrhyth
2), 41
s, M.P
83–38
 T., Ke
merge
,  F., La
besity
eight
os, O.
mplitu
76–48J. Murphy et al. / Developmental Cognitive Ne
.M.,  Zachariae, R., Skytthe, A., Kyvik, K., 2007. Genetic and
mental factors in alexithymia: a population-based study of 8,785
twin pairs. Psychother. Psychosom. 76 (6), 369–375.
Dawson, N.E., 1987. Youth and risk: age differences in risky driving,
ception, and risk utility. Alcohol Drugs Driv. 3 (3–4), 13–29.
1994. Perception of visceral sensations: a review of recent ﬁndings,
ologies, and future directions. In: Jennings, J.R., Ackles, P.K. (Eds.),
es in Psychophysiology, vol. 5. Jessica Kingsley Publishers, London.
.,  Saarijärvi, S., Muuriaisniemi, M.L., Salokangas, R.K., 1996.
ymia in a normal elderly population. Compr. Psychiatry 37 (2), 144–147.
.,  Taanila, A., Miettunen, J., Karvonen, J.T., Koskinen, M., Veijola, J.,
pidemiology of alexithymia among adolescents. J. Psychosom. Res. 63
–376.
heng, Y.H.A., Landale, N.S., McHale, S.M., 2010. Longitudinal predictors
ge in number of sexual partners across adolescence and early
od. J. Adolesc. Health 46 (1), 25–31.
kudo, S., Gyoba, J., Kamachi, M.,  Tagawa, M.,  Mochizuki, H., Itoh, M.,
M.,  Yanai, K., 2003. Speciﬁc brain processing of facial expressions in
with alexithymia: an H215O-PET study. Brain 126, 1474–1484.
., Widom, C.S., 2007. Age of onset of child maltreatment predicts
rm mental health outcomes. J. Abnorm. Psychol. 116 (1), 176–187.
.,  Saarijärvi, S., 2014. Development of alexithymic personality features.
. Psychiatry 4 (4), 91–102.
.,  Hautala, L., Korpelainen, J., Haapasalo-Pesu, K.M., Liuksila, P.R.,
aa, M., Saarijärvi, S., 2010a. Alexithymia and eating disorder symptoms
scents. Eat. Disord. 18 (3), 226–238.
.,  Hautala, L., Kaleva, O., Haapasalo-Pesu, K.M., Liuksila, P.R., Joukamaa,
ijärvi, S., 2010b. Alexithymia is associated with anxiety among
ents. J. Affect. Disord. 125 (1), 383–387.
.,  Pölönen, T., Vahlberg, T., Saikkonen, S., Saarijärvi, S., 2014a. Stability
thymia in late adolescence: results of a 4-year follow-up study.
try Res. 219 (2), 386–390.
.,  Vahlberg, T., Pölönen, T., Filppu, T., Saarijärvi, S., 2014b. Does
mia expose to mental disorder symptoms in late adolescence? A
ollow-up study. Gen. Hosp. Psychiatry 36 (6), 748–752.
 Wiens, S., Öhman, A., 2001. Nonconscious fear conditioning, visceral
ion, and the development of gut feelings. Psychol. Sci. 12 (5), 366–370.
 Reed, S.D., Deroo, C., 1983. A methodological analysis of 3 techniques
assessment of individual-differences in heartbeat detection.
hysiology  20 (4), 452.
 Cestaro, V.L., Weitkunat, R., 1991. Individual differences in cortical
 potentials as a function of heartbeat detection ability. Int. J. Neurosci.
), 269–276.
win, H.J., 2000. Alexithymia and childhood family environment. J. Clin.
. 56 (6), 737–745.
., Montagne, B., Hendriks, A.W., Perrett, D.I., Haan, E.H., 2014.
ent of perception of morphed facial expressions using the Emotion
ition Task: normative data from healthy participants aged 8–75. J.
sychol. 8 (1), 75–93.
., Berglund, P., Demler, O., Jin, R., Merikangas, K.R., Walters, E.E., 2005.
 prevalence and age-of-onset distributions of DSM-IV disorders in the
l Comorbidity Survey Replication. Arch. Gen. Psychiatry 62 (6),
2.
 Lapidus, R.C., 2016. Can interoception improve the pragmatic search
arkers in psychiatry? Front. Psychiatry 7.
 Rudrauf, D., Sandesara, C., Olshansky, B., Tranel, D., 2009a. Bolus
renol infusions provide a reliable method for assessing interoceptive
ess. Int. J. Psychophysiol. 72 (1), 34–45.
 Rudrauf, D., Tranel, D., 2009b. Interoceptive awareness declines with
chophysiology 46 (6), 1130–1136.
.,  Acheson, D.T., Boutelle, K.N., Matthews, S.C., Kaye, W.H., 2013.
ptive sensitivity deﬁcits in women  recovered from bulimia nervosa.
av. 14 (4), 488–492.
e,  K., Kline, J.P., 2005. Heart rate, heart rate variability, and heartbeat
n with the method of constant stimuli: slow and steady wins the race.
chol. 69 (3), 387–396.
llatos, O., 2014a. Cardiac sensitivity in children: sex differences and its
ship to parameters of emotional processing. Psychophysiology 51 (9),
1.
llatos, O., 2014b. Interoceptive sensitivity, body weight and eating
r in children: a prospective study. Front. Psychol. 5, 1003.
., Caspi, A., Mofﬁtt, T.E., Silva, P.A., 1998. The structure and stability of
n mental disorders (DSM-III-R): a longitudinal-epidemiological study. J.
. Psychol. 107 (2), 216–227.
., Rehm, J., Gmel, G., 2004. Characteristics of binge drinkers in Europe.
ci. Med. 59 (1), 113–127.
Wessberg, J., McGlone, F., Olausson, H., 2009. Coding of pleasant touch
yelinated afferents in humans. Nat. Neurosci. 12 (5), 547–548.
M., Vollebergh, W.A.M., Ormel, J., 2015. The structure of
athology in adolescence: replication of a general psychopathology
 the TRAILS study. Clin. Psychol. Sci. 3 (6), 850–860.
Lazar
te
fr
Levin
3
Li, D.,
d
a
Linde
a
A
Longa
2
S
Lumi
fa
M
Lundh
co
MacM
E
li
1
Mann
Jo
d
Martí
tr
Marti
p
st
Mata
to
o
Matti
a
(5
May, 
p
Mich
p
Migli
fe
p
Mont
to
E
More
e
Morto
in
Närin
p
1
Naqv
v
4
Nasir
p
Ir
Nemi
p
O’Brie
a
P
Oakle
e
A
Pauli,
a
(0
Paulu
3
Paus,
e
Pinna
O
W
Pollat
a
4., Moneta, G., Richards, M.H., Wilson, S., 2002. Continuity, stability, and
in daily emotional experience across adolescence. Child Dev. 73 (4),
165.
Pollatos, O.
modula
Pollatos, O.
after em
Int. J. Psence 23 (2017) 45–56 55
 Dar, R., Oded, Y., Liberman, N., 2010. Are obsessive–compulsive
cies  related to reliance on external proxies for internal states? Evidence
ofeedback-aided relaxation studies. Behav. Res. Ther. 48 (6), 516–523.
.J., 1978. Eras: the anatomy of the life cycle. Psychiatric Opin. 15 (9),
r, N.L., Kragel, P.A., Covington, V.E., LaBar, K.S., 2016. Adolescent
ment of insula-dependent interoceptive regulation. Dev. Sci.,
f-print.
 Wen, F., Paulus, D.L., 1995. Measuring alexithymia: reliability, validity,
valence. In: Butcher, J., Spielberger, C. (Eds.), Advances in Personality
ent. Erlbaum, Hillsdale, NJ, pp. 51–95.
.,  D’Olimpio, F., Chiavazzo, A., Santangelo, G., Trojano, L., Grossi, D.,
he relationships between interoception and alexithymic trait. The
areness Questionnaire in healthy subjects. Fronti. Psychol. 6.
., De Timary, P., Buysschaert, M.,  Luts, A., 2006. The role of alexithymia
in glucose control of persons with type 1 diabetes: a pilot study. Diab.
32 (5), 417–424.
imonsson-Sarnecki, M.,  2001. Alexithymia: emotion and somatic
ints. J. Pers. 69, 483–510.
 H.L., Fleming, J.E., Streiner, D.L., Lin, E., Boyle, M.H., Jamieson, E., Duku,
lsh, C.A., Wong, M.Y.Y., Beardslee, W.R., 2001. Childhood abuse and
 psychopathology in a community sample. Am. J. Psychiatry 158 (11),
883.
M.,  Therman, S., Suvisaari, J., Ebeling, H., Moilanen, I., Huttunen, M.,
aa, M.,  2011. Alexithymia is common among adolescents with severe
ive behavior. J. Nerv. Mental Dis. 199 (7), 506–509.
ánchez, F., Ato-García, M.,  Ortiz-Soria, B., 2003. Alexithymia—state or
pan. J. Psychol. 6 (01), 51–59.
., McIntyre, D., Ring, C., 2014. Effects of baroreceptor stimulation on
ance of the Sternberg short-term memory task: a cardiac cycle time
iol. Psychol. 103, 262–266.
rdejo-Roman, J., Soriano-Mas, C., Verdejo-Garcia, A., 2015. Insula tuning
s external eating versus interoceptive input in adolescents with
ight and obesity. Appetite 93, 24–30.
., Salminen, J.K., Nummi, T., Joukamaa, M.,  2006. Age is strongly
ted with alexithymia in the general population. J. Psychosom. Res. 61
–635.
tewart, J.L., Paulus, M.P., Tapert, S.F., 2014. The effect of age on neural
ing of pleasant soft touch stimuli. Front. Behav. Neurosci. 8, 52.
 1990. A preliminary investigation of alexithymia in men with
active substance dependence. Am. J. Psychiatry 147, 1228–1230.
R., Stewart, J.L., May, A.C., Tapert, S.F., Paulus, M.P., 2013. What do you
olescent drug and alcohol users show altered brain response to
t interoceptive stimuli. Drug Alcohol Depend. 133 (2), 661–668.
., Schandry, R., Müller, A., 1993. Heartbeat evoked potentials (HEP):
phy and inﬂuence of cardiac awareness and focus of attention.
encephalogr. Clin. Neurophysiol./Evok. Potent. Sect. 88 (3), 163–172.
 Borod, J.C., Welkowitz, J., Alpert, M., 1993. The perception of facial
n across the adult life span. Dev. Neuropsychol. 9 (3–4), 305–314.
ohnson, M.H., 1991. CONSPEC and CONLERN: a two-process theory of
ace recognition. Psychol. Rev. 98 (2), 164–181.
.B., Van der Staak, C.P.F., 1995. Perception of heart rate and blood
e: the role of alexithymia and anxiety. Psychother. Psychosom. 63,
0.
, Bechara, A., 2010. The insula and drug addiction: an interoceptive
 pleasure, urges, and decision-making. Brain Struct. Funct. 214 (5–6),
0.
atiﬁan, M.,  Rieffe, C., 2009. Alexithymia and its relationship with
l complaints and emotional competency in children and adolescents.
sychiatry Clin. Psychol. 15 (3), 248–257.
., Freyberger, H., Sifneos, P.E., 1976. Alexithymia: a view of the
somatic process. Modern Tends Psychosom. Med. 3, 430–439.
H., Reid, G.J., Jones, K.R., 1998. Differences in heartbeat awareness
males with higher and lower levels of systolic blood pressure. Int. J.
hysiol. 29 (1), 53–63.
, Brewer, R., Bird, G., Catmur, C., 2016. Theory of mind is not theory of
n: a cautionary note on the Reading the Mind in the Eyes Test. J.
. Psychol. 125 (6), 818–823.
rtl, L., Marquardt, C., Stalmann, H., Strian, F., 1991. Heartbeat and
mia perception in diabetic autonomic neuropathy. Psychol. Med. 21
3–421.
., Stein, M.B., 2006. An insular view of anxiety. Biol. Psychiatry 60 (4),
7.
shavan, M.,  Giedd, J.N., 2008. Why  do many psychiatric disorders
 during adolescence? Nat. Rev. Neurosci. 9 (12), 947–957.
i, L., Pirarba, S., Orru, W.,  Velluzzi, F., Loviselli, A., Carpiniello, B., 2011.
, alexithymia and psychopathology: a case-control study Eating and
 Disorders-Studies on Anorexia. Bulimia Obes. 16 (3), e164–e170.
, Schandry, R., 2004. Accuracy of heartbeat perception is reﬂected in the
de of the heartbeat-evoked brain potential. Psychophysiology 41 (3),
2.
, Schandry, R., 2008. Emotional processing and emotional memory are
ted by interoceptive awareness. Cogn. Emot. 22 (2), 272–287.
, Herbert, B.M., Matthias, E., Schandry, R., 2007a. Heart rate response
otional picture presentation is modulated by interoceptive awareness.
ychophysiol. 63 (1), 117–124.
56 urosci
Pollatos, O.
awaren
unpleas
Pollatos, O.
R., Wies
anorexi
Pollatos, O.
and dep
Pollatos, O.
process
Quattrocki,
Biobeha
Reker,  M.,  O
Heinde
respons
Repetti, R.L
environ
128 (2)
Rieffe,  C., O
children
123–13
Rouse, C.H.,
gender 
Ruffman,  T.
of emot
of aging
Rutter, M.,  R
Rybakowsk
of alexi
Depend
Säkkinen,  P
Psychom
prevale
48 (2), 1
Salminen, J
alexithy
populat
Salomon, R
Schaller
Visual S
5115–5
Schachter, S
emotion
Schandry, R
potenti
243–25
Schandry, R
of heart
Schandry, R
Psychop
Schauder, K
body aw
193–20
Schulz, A., S
Cortiso
potenti
of phys
Seth, A.K., 2
Cogn. S
Shah,  P., Ha
with im
Shao, S., Sh
heartbe
Silani,  G., Bi
emotion
Silver, A.J., 1
341–34
Sokol-Hess
ability p
St-Onge,  M
in phys
Metab. 
Steinberg,  L
behavio
Stephani,  C
neuroan
Steptoe, A.,
sensatio
597–60
Stern, E.R., 2
obsessi
Stevens, J.C
aging: h
Chem. S
i, A., A
ce-ba
europ
i, K., G
cross e
e rub
r,  G.J.,
ompla
er, M.
altrea
ole an
awa, Y
nsitiv
435–1
as, L.A
motio
47–55
unen, 
011. S
ompr.
ver, P
ilmaz,
san, D
ectru
xpress
ani, K
omain
ine de
oyam
haract
bst. G
er Do
ercept
er Gra
erspec
evelop
 Wout
lexithy
sychia
jo-Ga
ddictio
ar, S.S
ild, m
stein, 
ardiov
iomed
en, J.L
urden
m. J. P
stock,
meric
eprod
er, N.S
 assoc
123–1
, J.T., H
avis, H
0–89 y
bourn
onseq
ehead
lf-con
ehead
eart-r
71–39
s, S., M
xperie
an, H
e Wh
bject
ms, L
xplicit
 male
57–27
n, A.I.
ulmin
ngitudinal data: novel ﬁndings from the Framingham Heart Study. Age 28
), 363–374.
ermann, G., 2006. Delinquency in male adolescents: the role of alexithymia
nd family structure. J. Adolesc. 29 (3), 321–332.
nsky, M.J., Smits, J.A. (Eds.), 2007. Springer Science & Business Media.J. Murphy et al. / Developmental Cognitive Ne
, Traut-Mattausch, E., Schroeder, H., Schandry, R., 2007b. Interoceptive
ess mediates the relationship between anxiety and the intensity of
ant feelings. J. Anxiety Disord. 21 (7), 931–943.
, Kurz, A.L., Albrecht, J., Schreder, T., Kleemann, A.M., Schöpf, V., Kopietz,
mann, M.,  Schandry, R., 2008. Reduced perception of bodily signals in
a nervosa. Eat. Behav. 9 (4), 381–388.
, Traut-Mattausch, E., Schandry, R., 2009. Differential effects of anxiety
ression on interoceptive accuracy. Depress. Anxiety 26 (2), 167–173.
, Herbert, B.M., Mai, S., Kammer, T., 2016. Changes in interoceptive
es following brain stimulation. Philos. Trans. R. Soc. B 371, 20160016.
 E., Friston, K., 2014. Autism: oxytocin and interoception. Neurosc.
v. Rev. 47, 410–430.
hrmann, P., Rauch, A.V., Kugel, H., Bauer, J., Dannlowski, U., Arolt, V.,
l, W.,  Suslow, T., 2010. Individual differences in alexithymia and brain
e to masked emotion faces. Cortex 46, 658–667.
., Taylor, S.E., Seeman, T.E., 2002. Risky families: family social
ments and the mental and physical health of offspring. Psychol. Bull.
, 330–366.
osterveld, P., Terwogt, M.M.,  2006. An alexithymia questionnaire for
: factorial and concurrent validation results. Person. Ind. Diff. 40 (1),
3.
 Jones, G.E., Jones, K.R., 1988. The effect of body composition and
on cardiac awareness. Psychophysiology 25 (4), 400–407.
, Henry, J.D., Livingstone, V., Phillips, L.H., 2008. A meta-analytic review
ion recognition and aging: implications for neuropsychological models
. Neurosci. Biobehav. Rev. 32 (4), 863–881.
utter, M.,  1993. Developing Minds. Penguin, London.
i,  J., Ziółkowski, M.,  Zasadzka, T., Brzezin´ski, R., 1988. High prevalence
thymia in male patients with alcohol dependence. Drug Alcohol
. 21 (2), 133–136.
., Kaltiala-Heino, R., Ranta, K., Haataja, R., Joukamaa, M., 2007.
etric properties of the 20-item Toronto Alexithymia Scale and
nce of alexithymia in a Finnish adolescent population. Psychosomatics
54–161.
.K., Saarijärvi, S., Äärelä, E., Toikka, T., Kauhanen, J., 1999. Prevalance of
mia and its association with sociodemographic variables in the general
ion  of Finland. J. Psychosom. Res. 46 (1), 75–82.
., Ronchi, R., Dönz, J., Bello-Ruiz, J., Herbelin, B., Martet, R., Faivre, N.,
, K., Blanke, O., 2016. The Insula Mediates Access to Awareness of
timuli Presented Synchronously to the Heartbeat. J. Neurosci 36 (18),
127.
., Singer, J., 1962. Cognitive, social, and physiological determinants of
al state. Psychol. Rev. 69 (5), 379–399.
., Weitkunat, R., 1990. Enhancement of heartbeat-related brain
als through cardiac awareness training. Int. J. Neurosci. 53 (2–4),
3.
., Sparrer, B., Weitkunat, R., 1986. From the heart to the brain: a study
beat contingent scalp potentials. Int. J. Neurosci. 30 (4), 261–275.
., 1981. Heart beat perception and emotional experience.
hysiology 18 (4), 483–488.
.B., Mash, L.E., Bryant, L.K., Cascio, C.J., 2015. Interoceptive ability and
areness in autism spectrum disorder. J. Exp. Child Psychol. 131,
0.
trelzyk, F., de Sá, D.S.F., Naumann, E., Vögele, C., Schächinger, H., 2013.
l rapidly affects amplitudes of heartbeat-evoked brain
als—implications for the contribution of stress to an altered perception
ical sensations? Psychoneuroendocrinology 38 (11), 2686–2693.
013. Interoceptive inference, emotion, and the embodied self. Trends
ci. 17 (11), 565–573.
ll, R., Catmur, C., Bird, G., 2016. Alexithymia, not autism: is associated
paired interoception. Cortex 81, 215–220.
en, K., Wilder-Smith, E.P., Li, X., 2011. Effect of pain perception on the
at evoked potential. Clin. Neurophysiol. 122 (9), 1838–1845.
rd, G., Brindley, R., Singer, T., Frith, C., Frith, U., 2008. Levels of
al awareness and autism: an fMRI study. Soc. Neurosci. 3, 97–112.
990. Aging and risks for dehydration. Cleve. Clin. J. Med. 57 (4),
4.
ner, P., Hartley, C.A., Hamilton, J.R., Phelps, E.A., 2015. Interoceptive
redicts aversion to losses. Cogn. Emot. 29 (4), 695–701.
.P., 2005. Relationship between body composition changes and changes
ical function and metabolic risk factors in aging. Curr. Opin. Clin. Nutr.
Care 8 (5), 523–528.
., 2007. Risk taking in adolescence new perspectives from brain and
ral science. Curr. Direct. Psychol. Sci. 16 (2), 55–59.
., Vaca, G.F.B., Maciunas, R., Koubeissi, M.,  Lüders, H.O., 2011. Functional
atomy  of the insular lobe. Brain Struct. Funct. 216 (2), 137–149.
 Vögele, C., 1992. Individual differences in the perception of bodily
ns: the role of trait anxiety and coping style. Behav. Res. Ther. 30 (6),
7.
014. Neural circuitry of interoception: new insights into anxiety and
ve-compulsive disorders. Curr. Treat. Opt. Psychiatry 1 (3), 235–247.
Suzuk
fa
N
Suzuk
a
th
Taylo
c
Teich
m
p
Teras
se
1
Thom
e
5
Tolm
2
C
Topse
Y
Trevi
sp
e
Umet
d
n
Ushir
c
O
Van d
p
Van d
P
d
Van’t
a
P
Verde
a
Waik
m
Wald
c
b
Warr
b
A
Wein
A
R
Wern
is
1
West
D
2
Whit
C
Whit
se
Whit
h
3
Wien
e
Wildm
th
su
Willia
E
in
2
Yashi
K
lo
(4
Zimm
a
Zvole
., Cruz, L.A., Hoffman, J.M., Patterson, M.Q., 1995. Taste sensitivity and
igh incidence of decline revealed by repeated threshold measures.
enses 20 (4), 451–459.ence 23 (2017) 45–56
kiyama, H., 2013. Cognitive aging explains age-related differences in
sed recognition of basic emotions except for anger and disgust. Aging
sychol. Cogn. 20 (3), 253–270.
arﬁnkel, S.N., Critchley, H.D., Seth, A.K., 2013. Multisensory integration
xteroceptive and interoceptive domains modulates self-experience in
ber-hand illusion. Neuropsychologia 51 (13), 2909–2917.
 Parker, J.D., Bagby, R.M., Acklin, M.W.,  1992. Alexithymia and somatic
ints in psychiatric out-patients. J. Psychosom. Res. 36 (5), 417–424.
H., Anderson, C.M., Ohashi, K., Polcari, A., 2014. Childhood
tment:  altered network centrality of cingulate, precuneus, temporal
d insula. Biol. Psychiatry 76 (4), 297–305.
., Moriguchi, Y., Tochizawa, S., Umeda, S., 2014. Interoceptive
ity  predicts sensitivity to the emotions of others. Cogn. Emot. 28 (8),
448.
., De Bellis, M.D., Graham, R., LaBar, K.S., 2007. Development of
nal facial recognition in late childhood and adolescence. Dev. Sci. 10 (5),
8.
T., Heliste, M.,  Lehto, S.M., Hintikka, J., Honkalampi, K., Kauhanen, J.,
tability of alexithymia in the general population: an 11-year follow-up.
 Psychiatry 52 (5), 536–541.
., Filiz, T.M., Salman, S., Sengul, A., Sarac, E., Topalli, R., Gorpelioglu, S.,
 T., 2006. Alexithymia in diabetes mellitus. Scott. Med. J. 51 (3), 15–20.
.A., Bowering, M.,  Birmingham, E., 2016. Alexithymia, but not autism
m disorder, may  be related to the production of emotional facial
ions. Mol. Autism 7 (1), 46.
., Singer, D.H., McCraty, R., Atkinson, M.,  1998. Twenty-four hour time
 heart rate variability and heart rate: relations to age and gender over
cades. J. Am. Coll. Cardiol. 31 (3), 593–601.
a, T., Sugimoto, O., 1993. Clinical observation of personality
eristics  of perimenopausal women  with undeﬁned complaints. Ocean. J.
ynaecol. 19 (1), 67–70.
es, A.W., Antony, M.M.,  Ehlers, A., Barsky, A.J., 2000. Heartbeat
ion in panic disorder: a reanalysis. Behav. Res. Ther. 38 (1), 47–62.
aff, J., Branje, S., De Wied, M.,  Hawk, S., Van Lier, P., Meeus, W.,  2014.
tive taking and empathic concern in adolescence: gender differences in
mental changes. Dev. Psychol. 50 (3), 881.
, M.,  Aleman, A., Bermond, B., Kahn, R.S., 2007. No words for feelings:
mia in schizophrenia patients and ﬁrst-degree relatives. Compr.
try 48 (1), 27–33.
rcia,  A., Clark, L., Dunn, B.D., 2012. The role of interoception in
n: a critical review. Neurosci. Biobehav. Rev. 36 (8), 1857–1869.
., Mount, D.B., Curhan, G.C., 2009. Mortality after hospitalization with
oderate, and severe hyponatremia. Am. J. Med. 122 (9), 857–865.
S.R., Kauhanen, J., Neumann, S.A., Katzel, L.I., 2002. Alexithymia and
ascular risk in older adults: psychosocial, psychophysiological, and
ical correlates. Psychol. Health 17 (5), 597–610.
., Bacon, W.E., Harris, T., McBean, A.M., Foley, D., Phillips, C., 1994. The
 and outcomes associated with dehydration among US elderly, 1991.
ublic Health 84 (8), 1265–1269.
 H., Berman, S., Cates, W.,  2004. Sexually transmitted diseases among
an youth: incidence and prevalence estimates, 2000. Perspect. Sex
. Health 36 (1), 6–10.
., Jung, K., Duschek, S., Schandry, R., 2009. Enhanced cardiac perception
iated with beneﬁts in decision-making. Psychophysiology 46 (6),
129.
orning, S.M., Klebe, K.J., Foster, S.M., Cornwell, R.E., Perrett, D., Burt, M.,
.P., 2012. Age effects on emotion recognition in facial displays: from
ears of age. Exp. Aging Res. 38 (2), 146–168.
e, S.K., 2012. The Aging Body: Physiological Changes and Psychological
uences. Springer Science & Business Media.
, W.E., Drescher, V.M., 1980. Perception of gastric contractions and
trol of gastric motility. Psychophysiology 17 (6), 552–558.
,  W.E., Drescher, V.M., Heiman, P., Blackwell, B., 1977. Relation of
ate control to heartbeat perception. Biofeedback Self-Regul. 2 (4),
2.
ezzacappa, E.S., Katkin, E.S., 2000. Heartbeat detection and the
nce of emotions. Cogn. Emot. 14 (3), 417–427.
.E., Jones, G.E., 1982. Consistency of heartbeat discrimination scores on
itehead procedure in knowledge-of-results—trained and untrained
s. Psychophysiology 19, 592.
.M., Mathersul, D., Palmer, D.M., Gur, R.C., Gur, R.E., Gordon, E., 2009.
 identiﬁcation and implicit recognition of facial emotions: I. Age effects
s and females across 10 decades. J. Clin. Exp. Neuropsychol. 31 (3),
7.
, Akushevich, I.V., Arbeev, K.G., Akushevich, L., Ukraintseva, S.V.,
ski, A., 2006. Insights on aging and exceptional longevity from
